Introduction: Independent heat and hypoxic exposure can enhance temperate endurance 23 performance in trained athletes, although their combined effects remain unknown. This study 24 examined whether the addition of heat interval training during 'Live High, Train Low' 25 (LHTL) hypoxic exposure would result in enhanced performance and physiological 26 adaptations as compared to heat or temperate training.
INTRODUCTION
sessions, all participants maintained aerobic training in a temperate, normoxic environment 142 during the study in order to maintain aerobic conditioning. As part of additional testing not 143 described in the current study, each participant undertook a heat tolerance test with 75 min 144 exposure to 33°C at the start and end of each three week period (2 in exposure, 2 in non-145 exposure, data not reported here). Core temperature was assessed via a temperature probe 146 (Mon-a-therm, Mansfield, USA) inserted 10 cm beyond the anal sphincter, with temperature 147 elevated to an average of 38.3 ±0.4°C across all groups (average peak 39.1 ±0.5°C), 148 suggesting that the heat dose was sufficient to elicit an adaptive response (Racinais consensus 149 statement). Performance tests were completed a minimum of 4 days after any heat exposure, 150 and the control group received no more than one 75 min heat exposure within a 7 day period. 151 Thus, this testing was not expected to induce any heat acclimation adaptations (2).
152
Paragraph 8: Within two weeks prior to the exposure period, participants undertook an 153 incremental treadmill test for assessment of running economy (RE) and VO2peak. A double 154 baseline measure of Hbmass was assessed during the same period, along with a resting venous 155 blood sample for measurement of ferritin concentration. Approximately five days prior to the 156 exposure period, performance was assessed via a 3-km run time-trial (3-km TT) (Baseline). 157 Running economy, Hbmass and the 3-km TT were repeated immediately (Post) and three 158 weeks following (3wkP) the exposure period. An additional Hbmass test was conducted one 159 week (1wkP) following the exposure period in order to further quantify the decay timeline of 160 adaptations (as shown in Figure 1 ). All equipment was matched between locations, with 161 participants completing testing and treadmill sessions at the same location and at a similar Incremental treadmill test 167 Paragraph 9: Participants completed a progressive 4 x 4 min incremental run (0% gradient, 1 168 min recovery between stages) on a motorised treadmill (Canberra; custom-built motorised 169 treadmill, AIS. Sydney: Payne Treadmill, Stanton Engineering, Girraween, Australia).
170
Starting speed was determined based on participant's ability (between 1117 km·h -1 ) with 171 each stage increased by 1 km·h -1 . Heart rate (HR; Suunto T6, Vantaa, Finland) and oxygen 172 consumption (VO2) were measured continuously throughout the test (Canberra: in-house 173 automated metabolic system as described previously (29) Paragraph 12: Participants recorded all training throughout the study, commencing two 218 weeks prior to the exposure period to capture participants' habitual training programs.
219
Participants were instructed to continue with their normal aerobic training during the study in 220 temperate normoxic conditions, in addition to the prescribed three weekly treadmill sessions, 221 and were instructed to replace regular high intensity sessions with the treadmill sessions. As Radiometer, Copenhagen, Denmark), with Hbmass determined as the mean change in %HbCO 234 (11). Duplicate measures were obtained at Baseline on twenty-three out of twenty-six 235 11 participants, with the typical error of measurement (TE) for Hbmass calculated at 1.8% (1.4-236 2.4%, 90% confidence limits). The duplicate measures were obtained with a minimum of 48 237 hours between tests (maximum 2 weeks), with these values averaged into a single time point 238 for analysis. PV and BV were indirectly calculated by the optimized CO rebreathing 239 procedure as described above. All measures were performed by three experienced 240 researchers, with the same tester completing tests on the same participants where possible. Forrenstrasse, Switzerland). Any participants with ferritin levels <100 ug·L -1 were provided 252 a daily oral iron supplement to take throughout the duration of the study in order to maintain 253 adequate iron levels required for accelerated erythropoiesis (Ferrograd C, 325 mg dried 254 ferrous sulphate + 562.4 mg sodium ascorbate; Abbott, Botany, Australia). were no performance improvements. Accordingly, the initial hypothesis that LHTL combined 377 with heat training would be of greatest performance benefit was not supported.
378
Paragraph 25: Three-km time-trial performance was improved in temperate conditions 379 following heat interval training in all HOT participants at 3wkP. This adds further support to 380 previous research indicating enhanced temperate performance following heat exposure 381 INSERT SCOON (21, 26) . A novel finding was that the performance peak in all participants 382 occurred three weeks following heat exposure, but combining LHTL and heat training did not 383 further enhance 3-km TT performance. Direct comparison to previous studies investigating 384 combined LHTL and heat (5), or studies that did not find enhanced temperate performance 385 following heat training (18, 19, 24) should be done so tentatively. This is due to a lack of 386 control group (5, 26) , the absence of training load data prior or during the study (21), the 387 assessment of performance within two weeks of exposure (18, 19, 24) and/or the high number 388 of fatiguing maximal tests in a short time frame, which could have reduced the athletes 389 motivation to perform (18). The current protocol of intermittent heat exposure over a three 390 week period, with several weeks of temperate training prior to competition is a practical 391 protocol that can be used to enhance performance in well-trained endurance athletes.
392
Paragraph 26: It is apparent that heat interval training provides greater 3-km TT 393 performance improvements than combining with LHTL, although physiological explanations 394 for these observations remain elusive. Indeed, there was no clear relationship between any of increased PV (21, 22), VO2max, running economy and power at lactate threshold (21, 24) . 399 These adaptations have been suggested to be ergogenic in both hot (21, 26) and temperate 400 conditions (7). We suggest the 270 min/week heat exposure (i.e. 3 x 90 min sessions per 401 week) was sufficient to increase in PV in HOT (by 3.8 ±6.0%), though only until 1wkP, and 402 not at 3wkP when 3-km TT performance improved. In contrast, PV in both H+H and CONT 403 were not increased by more than 1.2% above baseline values at any time during the study, 404 despite H+H receiving the same heat dose as HOT. Such absence of PV expansion in H+H 405 contrasts with previous combined heat and hypoxic findings (5), and warrants further 406 exploration.
407
Paragraph 27: As athletes with lower training status have a greater adaptive potential than 408 highly trained athletes (39) , it is possible the early season training status of athletes in 409 previous combined heat and LHTL research (5) contributed to the greater PV increases 410 compared more established training status of the current participants. The suggestion of an 411 optimal PV volume to enhance performance (CITE coyle) may provide background as to why 412 performance in HOT did not occur until PV values returned to normal at 3wkP. In addition 413 to training status, the PV response in the present study may also relate to the nature and dose 414 of the environmental stimuli. Hypoxia has been shown to induce hemoconcentration and 415 reduce PV (31). The heat dose in the present study was sufficient to prevent PV reduction in 416 H+H; however, it was unable to match the PV increase in HOT. Thus, heat stimuli appears 417 to prevent hypoxic induced hemoconcentration, however it may be that a greater dose of heat 418 stimuli is required to compensate PV beyond the losses from hypoxia. Further research is 419 required to assess if any other heat training benefits could be negated due to hypoxic 420 exposure. However based of the current data, we recommend that when combining heat and 421 hypoxia, a greater heat dose may elicit PV responses equivalent to heat exposure alone.
422
Paragraph 28: Running economy has been shown to be improved with endurance 423 performance and has been reported to improve following simulated LHTL exposure in elite 424 middle distance runners (30). In the present study there were only trivial improvements in 425 RE in all training conditions. Moreover, similar to previous research (5), submaximal HR 426 remained unchanged between groups. While RE has been reported to be increased 427 immediately following LHTL alone (17), there does not appear to be any benefit of 428 concurrent heat and altitude or heat alone on RE. Accordingly, the improvements observed 429 in 3-km TT performance observed in the heat group cannot be explained by changes in RE. Paragraph 31: Despite the above findings, some limitations should be acknowledged.
466
Although participants were blinded to the specific temperature and oxygen concentrations 467 during the study, they were unable to be blinded to their assigned environmental conditions. 468 Furthermore, the heat and hypoxic environmental stimuli in the study were simulated and 469 therefore may not be replicated in natural heat or hypoxic environments. Specifically, 
